This study aimed to compare the postoperative analgesic effects of tramadol and hydromorphone for secondary cesarean delivery (CD) as well as their anti-anxiety and anti-depression properties. Methods: A total of 106 patients receiving secondary CD under spinal anesthesia were randomly allocated to the tramadol group (n=53) and the hydromorphone group (n=53). Each group received patient-controlled intravenous analgesia using flurbiprofen 4 mg/kg combined with tramadol (4 mg/kg) or hydromorphone (0.04 mg/kg) immediately after the surgery. Postoperative pain numerical rating scale (NRS) for incision and visceral pain, hospital anxiety and depression scale (HADS), early walking time and length of hospital stay were assessed. Results: Patients in the tramadol and hydromorphone groups exhibited equivalent incision pain NRS at different time points (P>0.05). Visceral pain in the tramadol group was higher than that in the hydromorphone group at postoperative 4 hours (2. 
Introduction
Although numerous measures have been developed, the incidence of inadequate postoperative pain treatment for cesarean delivery (CD) remains high. 1, 2 With the implementation of new national two-child policy in China, a great proportion of patients are scheduled for
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Duan et al secondary CD. 3, 4 A new clinical challenge for postoperative pain treatment after CD has emerged. It was reported that the proportion of women who received secondary CD has increased from 9.8% in 2012 to 17.7% in 2016. 5 Because of severe adhesions induced by previous surgery, it is often inevitable to encounter more operative difficulties. 6, 7 In addition, previous surgery history may increase the patients' pain sensitivity for secondary CD 8, 9 and has been identified as a risk factor for experiencing postoperative inadequate pain treatment. 10 Therefore, as secondary CD becomes more common in China, it is important but challenging to provide satisfactory postoperative analgesia.
Patient-controlled intravenous analgesia (PCIA) with opioid analgesics, eg, hydromorphone, is one of the most commonly used methods to treat post-CD pain in China. [11] [12] [13] Tramadol is an effective and well-tolerated agent for postcesarean section analgesia 14 and may have fewer adverse effects as compared to strong opioids. 15, 16 Previous studies have demonstrated that tramadol administration via PCIA or intermittent intravenous infusion provides effective postoperative analgesia for patients after CD. [17] [18] [19] Furthermore, a recent study found that for primiparas following CD, PCIA with tramadol may be an excellent strategy due to less pain at mobilization, higher quality of recovery and earlier lactation than using sufentanil. 12 However, the studies exploring tramadol as post-CD analgesic for multipara are limited currently.
In addition, women receiving CD often accompany with symptoms of anxiety and depression, 20, 21 and these mental symptoms, especially depression, is one of the most common complications for puerpera. 22, 23 The incidence of peripartum anxiety ranges from 15.8% to 17.1% 24 and that of peripartum depression ranges from 13.7% to 15.7%. 25, 26 Although there was no human clinical evidence, previous animal studies have demonstrated that tramadol could reduce anxiety-related and depression-associated behaviors in rats. 27, 28 Tramadol has an inhibitory effect on the reuptake of norepinephrine and serotonin, which is the underlying mechanism of commonly used drugs for treatment anxiety and depression. 29, 30 Therefore, we hypothesized that PCIA with tramadol may provide satisfying analgesic effect as strong opioid analgesics and also provide anti-anxiety and anti-depression effects. This prospective randomized controlled trial aimed to compare the post-operative analgesic, anti-anxiety and anti-depression effects of PCIA with tramadol vs PCIA with hydromorphone in a small population of women having second CD.
Methods
Study design
This study was designed as a 1:1 parallel, randomized, controlled and double-blind study according to the CONSORT guidelines. This study was conducted in accordance with the Declaration of Helsinki. This study was approved by the institutional ethics committee of Xinqiao Hospital, Third Military Medical University, Chongqing, China, on December 24, 2016, and written informed consent was obtained from all participating subjects. The trial was registered prior to patient enrollment at Chinese Clinical Trial Registry (www.chictr.org.cn, ChiCTR-IIR-17011043). No change was made to the study methods after trial commencement. The study was performed at Xinqiao Hospital of Third Military Medical University. The full protocol and all the deidentified participant data can be acquired from the corresponding author HL by request.
Patients
All patients were first screened in the obstetric ward and were recruited according to the inclusion and exclusion criteria 1 day before the surgery. A total of 106 Chinese patients, aged 20-40 years, who previously had CD and were scheduled to receive elective CD this time, were recruited into this study (from April to August 2017; Figure 1 ). The eligible patients were determined according to the obstetrician's judge based on patient's individual condition and patient's personal willingness. Patients who had an uncomplicated and singleton pregnancy with a transverse incision, a gestational age of 37-40 weeks and the American Society of Anesthesiology physical status I-II were eligible to participate in the study. Exclusion criteria included history of pain disorder, chronic opioid use or substance abuse, history of more than one CD, heavy smoking or alcohol dependence, existence of absolute or relative contraindication to subarachnoid space block anesthesia, psychiatric diseases and incapability of communication.
anesthetic and analgesia techniques
Electrocardiography, blood pressure and pulse oxygen saturation were monitored after the patients entered into the operating room. Standardized subarachnoid block anesthesia at L3-4 interspace was performed with isobaric 0.66% ropivacaine 20 mg but without any intrathecal opioids. Operations were conducted by an experienced surgical team, who had successfully completed >1,000 CDs, using a standardized technique. After fetal delivery, and once a day in obstetric ward after the surgery, oxytocin 20 units in 500 mL of saline were routinely given. The amount of intraoperative blood loss and surgery duration were recorded. Patients were monitored for 6 hours in the post-anesthesia care unit before returning to the obstetric ward. 
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Tramadol may help to reduce anxiety and depression PCIA was started immediately after surgery using a controlled infusion pump. PCIA with tramadol or hydromorphone was applied to patients in the respective groups according to the sealed random numbers. For the patients in the tramadol group, tramadol (Grunenthal Co, Ltd, Aachen, Germany) 4 mg/kg and flurbiprofen 4 mg/kg mixed with 0.9% saline to a volume of 150 mL were placed in a PCIA pump, whereas hydromorphone (Humanwell Pharmaceutical Co, Ltd, Yichang, China) 0.04 mg/kg and flurbiprofen 4 mg/kg were used for the patients of the hydromorphone group. The PCIA pump (150 mL) was programmed to have a background infusion at 2.0 mL/h, a PCIA dose of 1 mL and a lockout period of 15 minutes. The PCIA consumption in 48 hours after surgery was recorded. The postoperative follow-up for pain intensity was carried out by the study investigators. When a patient presented pain numerical rating scale (NRS) >4 and demanded extra analgesia, the pain clinicians were informed. Then, extra analgesic treatment using a single dose of tramadol 50 mg (tramadol group) or hydromorphone 0.5 mg (hydromorphone group) under monitoring was decided and given by the pain clinicians according to the group allocation. The extra analgesia treatment with different analgesic was administered using the same injection syringe by the pain clinicians and were also blinded to patients and study investigators. To prevent intraoperative and postoperative nausea and vomiting (PONV), metoclopramide 10 mg and dexamethasone 10 mg were given before the surgery.
Randomization and masking
Simple randomization was performed in the study, and the random numbers were generated using an online random number generator by an independent assistant who was not involved in any data collection or analysis. The assistant prepared the allocation sequence and hid the numbers in 
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Duan et al opaque, numbered and sealed envelopes. Patients were randomly allocated into two groups with postoperative analgesic strategy using either tramadol or hydromorphone according to the random number in envelope in the operation room after CD. Then, the envelopes were closed, sealed again and stored at the site of investigation until the end of the study. Different analgesic strategies were performed using the same type of controlled infusion pump by specialized pain clinicians. In the study, all patients and researchers, including those involved in surgery, were unaware of their group allocation and analgesic strategies during treatment. The pain clinicians who need to make experimental intervention knew the patients' group allocation. Both the assistant and the pain clinicians were not involved in data collection and independent of the final data analysis. Preoperative and intraoperative data collection, postoperative follow-up during hospitalization period and long-term telephone interview were performed by trained investigators who were blinded to the group allocation.
outcome measures
Pain intensity during the postoperative 48 hours was determined through NRS of pain (0-10, 0 was defined as no pain and 10 as intolerable pain) at postoperative 4, 8, 12, 24 and 48 hours. In this study, abdominal incision pain NRS at mobilization (on attempting to sit forward in bed) was considered as the primary outcome. The secondary outcomes were incision pain NRS at rest and visceral pain NRS induced by uterine contraction during the 48 hours after CD, and hospital anxiety and depression scale (HADS) 1 week after the surgery. HADS included 14 items assessing symptoms of anxiety and depression (seven items scored 0-3 for anxiety and depression, respectively, yielding a range of 0-21). A score of 8 or above indicates possible anxiety or depression. 31, 32 The Chinese translation version of HADS has been validated in several previous studies, 33, 34 and it has been licensed for usage. HADS has been found to be satisfactory for assessing the severity of anxiety and depression for puerpera and has been validated in previous Chinese studies. [35] [36] [37] [38] The HADS at 1 week after CD was evaluated by an investigator, who was trained by a professional psychologist, through telephone interview.
Except these outcomes, the other critical outcomes included early walking time (the time point when patients could ambulate independently) and length of hospital stay after CD, which was decided by the responsible surgeons according to patients' ability to active, incision recovery, recovery from postoperative complications, etc.
In addition, the time period when patients started to feel pain after CD, the Ramsay sedation score and vital signs during the postoperative 48 hours, self-reported sleep quality (rated as good or poor) on the day of surgery and 1 day after CD and postoperative adverse events, including nausea, vomiting and pruritus, were recorded. The maximum pain NRS from 3 to 7 days after the surgery was uniformly evaluated by telephone follow-up. Patients were interviewed by telephone for 4 weeks after the surgery to ask the following questions: existing pain or no pain and its effects on sleep.
Statistical analyses
Based on our pilot observation, the mean pain NRS during mobilization at postoperative 4 hours was 3.1 (SD, 1.3) points when receiving a hydromorphone PCIA. The current study was designed as an equivalence test for the primary outcome. We hypothesized that tramadol (experimental group) can provide analgesic effect comparable to hydromorphone (control group), ie, there is no NRS difference between PCIA with tramadol and hydromorphone. We set the equivalence limit as 0.8 points. Therefore, based on a significance level of 0.05, power of 0.8 and considering about 15% loss of follow-up, the required minimum sample size was 53 for each group.
Data were analyzed according to the per-group principle and following a pre-established analysis plan. Statistical analysis was performed using SPSS for Windows version 19.0 (IBM Corporation, Armonk, NY, USA). A two-tailed P-value <0.05 was considered statistically significant. Standard descriptive statistics, such as mean (SD) and number of patients (frequency), were used to summarize the variables. Normal-distributed continuous data including age, height, weight, surgery duration, blood loss, pain NRS, early walking time, hospital stays and PCIA consumption between the hydromorphone group and the tramadol group were compared using independent-sample t-test. Because of abnormal distribution, time of starting to feel pain, HADS anxiety (HADS-A) and HADS depression (HADS-D) scales were compared using the Mann-Whitney U test. Categorical data were analyzed using the chi-squared test, and the rate difference with 95% CI between two groups was calculated. Two-way repeated ANOVA was applied to analyze the mean arterial pressure, heart rate, respiratory rate and Ramsay sedation score at different time points.
Results
A total of 123 patients were assessed for eligibility, and 106 patients (53 patients in each group) were recruited in 
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Tramadol may help to reduce anxiety and depression the study (Figure 1) . Because 3 patients (1 patient in the tramadol group and 2 patients in the hydromorphone group) declined to be followed up, 103 patients completed the study and were included in the final analysis. Preoperative baseline characteristics and intraoperative data of the two groups of patients are shown in Table 1 , and no significant differences in any of the parameters were found between the two groups (P>0.05).
As shown in Figure 2A and B, the two groups exhibited equivalent incision pain NRS either at rest or mobilization at different time points. Visceral pain NRS at postoperative 4 hours in the tramadol group was significantly higher than in the hydromorphone group (2. 1], P=0.028) . The mean differences between the two groups were 0.7 (95% CI: 0.2-1.2) and 0.5 (95% CI: 0.1-1.0), respectively ( Figure 2C ). There was no significant difference in time for patients to start to feel pain, extra analgesia demand, sleep quality and PCIA consumption during the postoperative period between the two groups ( Table 2) .
Postoperative HADS evaluation showed that the anxiety scores of HADS for the patients of the tramadol group were significantly lower than those of the patients who received hydromorphone analgesia (1.9 [3.5] Table 3 ). The HADS-A and HADS-D scores for the two groups before and after the surgery are shown in Figure 3 . As shown in Table 3 , the percentage of patients in the tramadol group who had a HADS-A of ≥8 and a HADS-D of ≥8 during the postoperative period were significantly lower than those in the hydromorphone group (HADS-A: 1.9% [ Two-way repeated ANOVA showed that there was no significant difference in mean arterial pressure, heart rate, respiratory rate and Ramsay scale between the tramadol group and the hydromorphone group (Figure 4) . No respiratory depression, pruritus, excessive sedation or agitation or other intraoperative and postoperative complications were noted in this study. PONV occurred to four patients (4/52, 7.7%) in the tramadol group and six patients (6/51, 11.8%) in the hydromorphone group during the 48-hour follow-up. All these observed adverse effects were tolerable after treatment and were not significant between the two groups (P=0.485).
Additionally, the results of telephone interview regarding the maximum pain NRS from 3 to 7 days after the surgery showed no difference between two groups ( Figure 5 ). The pain status 1 month after the surgery showed that a total of 32.0% (33/103) patients experienced postoperative pain, and 18.2% (6/33) of the patients' sleep quality was affected by the pain. No significant difference in pain status was found between the two groups.
Discussion
This study found that, for the patients who received secondary CD, the analgesic effect of PCIA with tramadol on visceral pain at 4 and 8 hours after the surgery was less effective than that of PCIA with hydromorphone. However, the postopera- 
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Duan et al tive HADS-A and HADS-D scores at 1 week after CD of the patients who received tramadol analgesia were significantly lower than those who received hydromorphone analgesia. Furthermore, early walking time and the length of hospital stay after the surgery of the patients received tramadol analgesia were significantly shorter than those who received hydromorphone analgesia. Previous studies have demonstrated that 10 mg of tramadol was equipotent to 1 mg morphine, 39 and 1 mg morphine was equipotent to about 0.1-0.15 mg hydromorphone. 40, 41 A recent study has found that the combination of hydromorphone and intravenous NSAID produced a strong synergistic analgesia on postoperative pain. 42 Studies regarding post-CD analgesia management also emphasized the important role of use of NSAID. 19, 43 Therefore, in this study, we used the combination of NSAID and tramadol or NSAID and hydromorphone to treat surgical pain after CD. According to the equivalent dose (10,000:1.5), a recent study by Chi et al 12 found that the PCIA using 10 mg/mL tramadol was more effective than using 1.5 µg/mL sufentanil for CD. Unlike the previous study, the current results showed that the analgesia effect of tramadol on incision pain was not better than that of hydromorphone. On the contrary, the effect of tramadol on visceral pain at early time points (4 hours and 8 hours after the surgery) was worse than hydromorphone. Furthermore, other pain outcomes between two analgesics, including time 
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Tramadol may help to reduce anxiety and depression to feel pain, the total incidences of extra analgesia requirement during the postoperative analgesia period and pain intensity at 3-7 days after the surgery, were also comparable. All patients in this study were multipara patients who had a history of one CD, whereas only primipara patients were included in Chi's study. Thus, the difference induced by surgery history between multipara and primipara may contribute to the diverse response to surgery and analgesics. Nevertheless, the current results indicated that the analgesic effect of tramadol was not better than hydromorphone. It is known that effective postoperative pain control can improve patient outcomes including rehabilitation and length of hospital stay. 44, 45 Thus, the outcomes of patients in the tramadol group may not be as good as those in the hydromorphone group. However, the current results demonstrated an unexpected finding that patients who received tramadol analgesia can independently get out of bed at an earlier time point, and, more importantly, had shorter hospital stays than those who received hydromorphone analgesia. The reason for this observation is not known. We speculate that the different effects of tramadol and hydromorphone on anxiety and depression may contribute to the abovementioned phenomenon.
Except for the postoperative pain, the presence of depression and anxiety is associated with delayed recovery after surgery. 46, 47 The current results showed that, compared to hydromorphone, intravenous tramadol can significantly decrease the HADS-A and HADS-D scores even 1 week after CD (about 5 days after PCIA treatment). The incidences of positive anxiety and depression based on the cutoff value of HADS after PCIA with tramadol were also lower compared to PCIA with hydromorphone. The rate differences for possible anxiety and depression between two groups reached 11.8% (95% CI: 2.4%-21.2%) and 13.7% (95% CI: 4.3%-23.1%), respectively. Although the patients in the tramadol group showed higher visceral pain intensity at 4 hours and 8 hours after the surgery, no difference was found at later time points or on other pain outcomes. Better mental status may have accelerated patients' independent activity and decreased the length of hospital stay.
To our knowledge, these results demonstrated for the first time that the use of PCIA with tramadol and flurbipro- 
56
Duan et al fen may help to reduce the levels of anxiety and depression in the early postpartum period for women undergoing CD. Postpartum anxiety and depression are known to be associated with reduced level of serotonin and norepinephrine. Selective serotonin reuptake inhibitor or serotonin norepinephrine reuptake inhibitors were commonly used for the treatment of postpartum anxiety and depression. 29, 30, [48] [49] [50] Tramadol acts as a weak agonist at µ-opioid receptors, inhibits the re-uptake of both serotonin and noradrenaline and thereby increases their concentrations in descending inhibitory pathways involved in antinociception. 15, 51 On the other hand, hydromorphone produces analgesic effect mainly because it is an agonist at µ-opioid receptors. This might explain the current finding regarding why the two analgesics have different psychological effects. In addition, previous studies have demonstrated that significant change in serotonin and norepinephrine levels is present at postpartum 48 hours in the patients with postpartum depression, 
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Tramadol may help to reduce anxiety and depression matching the time of postoperative analgesia. 48, 52 These previous findings further support and explain the current finding that postoperative 48 hours PCIA with tramadol have the potential to reduce postpartum anxiety and depression in the early postpartum period.
Postpartum mental disorders, especially depression, can cause harm to the health of the woman and infant. The estimated prevalence of postpartum depression ranges from 6.5% to 12.9% 53, 54 and are higher in patients undergoing CD. 55, 56 Recent data showed that in 2014 >1.2 million patients were scheduled to receive CD in USA. 57 In China, this number reached 5.2 million. 58 The potential strategy using intravenous tramadol may help to prevent postpartum depression and anxiety during postoperative analgesia period for patients undergoing CD, which may produce huge social benefits.
Several limitations should be considered in this study. First, this was a small study in women who had undergone a second CD, and hence false-positive results are possible. Larger studies looking at the same and other postpartum populations are needed to further investigate the potential beneficial effects of PCIA with tramadol. Second, the study was not designed to evaluate degree of anxiety and depression separately. Further study using more sensitive depression scale, such as Edinburgh postnatal depression scale, should be carried out. In addition, because HADS scoring was done after being discharged from hospital, social factors and living conditions at home may influence the patients' HADS scores. A direct randomized controlled study with a larger sample size using postpartum depression or anxiety level as the primary outcome is needed to determine the anti-anxiety and antidepression effects of tramadol for CD patients in the future.
Conclusion
Although the PCIA with tramadol did not provide better analgesic effects than PCIA with hydromorphone, we found that it reduced depression and anxiety in the early postpartum period for patients undergoing secondary CD. Also, postoperative analgesia using tramadol can enhance patients' mobilization and shorten their hospital stays. Further work is needed to validate and assess these findings in greater detail. 
